Fission neutron multiplicity distributions are known to be well reproduced by simple Gaussian distributions. Many previous evaluations of multiplicity distributions have adjusted the widths of Gaussian distributions to best fit the measured multiplicity distributions P n . However, many observables do not depend on the detailed shape of P n , but depend on the first three factorial moments of the distributions. In the present evaluation, the widths of Gaussians are adjusted to fit the measured 2 nd and 3 rd factorial moments. The relationships between the first three factorial moments are estimated assuming that the widths of the multiplicity distributions are independent of the initial excitation energy of the fissioning system. These simple calculations are in good agreement with experimental neutron induced fission data up to an incoming neutron energy of 10 MeV.
I. INTRODUCTION
The measurement of the mean number of neutrons from a given type of fission event is relatively straightforward and has been performed for a wide range of fission reactions including neutron induced fission with thermal and fast neutrons [1] . For a given type of fission event, there is a probability P n that n neutrons are emitted. This distribution is generally called the neutron multiplicity distribution. The measurement of neutron multiplicity distributions requires a large neutron detection apparatus with very high fission neutron detection efficiency. Spontaneous fission and thermal neutron induced fission neutron multiplicity distributions have been measured for a large number of heavy nuclei [2] [3] [4] [5] . The high neutron detector efficiency needed to make neutron multiplicity distribution measurements, causes significant background problems in the case of non-thermal neutron induced reactions. This is because the incident neutrons can scatter from fission chambers and shielding materials into the neutron detector. The measurement of neutron multiplicity distributions in non-thermal neutron induced fission reactions is thus very difficult. We are aware of only a single set of such measurements on 235 U, 238 U, and 239 Pu in the incident neutron energy range from 1 to 15 MeV [6] .
Detailed knowledge of the neutron multiplicity distributions is required by non-destructive assay (NDA) techniques that infer the spontaneous fission rate, alpha-particle induced neutron emission, and induced fission rate from measured neutron multiplicity distributions from unknown samples [7] . These techniques are generally very accurate, in part, because the multiplication is usually small and often only needed to make corrections to extract the spontaneous fission rate which is usually the observable of most interest. However, for samples containing significant amounts of fissile material it becomes increasingly important to have a detailed knowledge of the fast neutron induced neutron multiplicity distributions. Neutron multiplicities for fast neutron induced fission  of  235 U,  238 U, and  239 Pu are tabulated in Tables I, II , and III. These data were manually read from figures 10-15 in ref [6] . The P 7 values were estimated assuming the P n sum to 1 and the P n for all n > 7 are negligible. The mean ( 1 ) of the neutron multiplicity distributions given in Tables I-III are [1] [2] [3] . This suggests that the uncertainty in the factorial moments is significantly less than the uncertainty of the individual P n values and that these measurements have accurately LA-UR-05-0288 determined the relationships between the first three factorial moments of the multiplicity distributions. Table I . Neutron multiplicity distributions P n for fast neutron induced fission of 235 U [6] . Also given are the measured mean multiplicities, [6] , and the first three factorial moments of the given P n . 
II. MEASURED P n FOR FAST NEUTRON INDUCED REACTIONS
P 0 P 1 P 2 P 3 P 4 P 5 P 6 P 7 1
III. MODELING NEUTRON MULTIPLICITY DISTRIBUTIONS
Measured neutron multiplicity distributions have been previously parameterized using Gaussian distributions [8] , and truncated renormalized single and double Gaussians [9] . In the present paper the relationship between the first three factorial moments is estimated assuming neutron multiplicity distributions are Gaussian [8] and that the widths of these Gaussians are independent of incoming neutron energy. By comparing the calculated relationship between the factorial moments to the corresponding experimental results [6] the validity of a fixed width as a function of incoming neutron energy can be tested. Fig. 4 shows measured neutron multiplicity distributions for thermal-neutron induced fission of 235 U and 239 Pu. Neutron multiplicity distributions can be reasonably well represented by [8] 
, and
where is the mean multiplicity, b is a small adjustment to make the mean equal to , and is the root-mean-square width. To determined the value of from experimental data many authors have minimized the chi-squared
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) emitted by a multiplying sample can be expressed as a function of the factorial moments for spontaneous and induced fission [10] . Therefore, for many applications it is not necessary to know the details of the neutron multiplicity distribution but more important to know the corresponding first three factorial moments. In the present paper we fit the measured factorial moments instead of the details of the shape of the multiplicity distribution by minimizing the chisquared 
Determining the uncertainties in the experimental 2 nd and 3 rd moments is not a straightforward task and would require a detailed knowledge of the correlations between the measured at different n. For simplicity, the relative uncertainty of the 3 exp n P rd moments is assumed to be twice the relative uncertainty of the 2 nd moment. Despite the change in emphasis from the detailed shape to the moments of the distributions, the inferred widths are little changed. However, by minimizing the chi-squared in Eq. (3) the inferred widths are guaranteed to be in reasonable agreement with the measured 2 nd and 3 rd factorial moments. The open histograms in Fig. 4 are the Gaussian fits to the corresponding experimental data, obtained by minimizing the chi-squared in Eq. Fig. 2 . Below ~4.0 the solid curves in Figs 1-3 are in agreement with the data, and thus we can conclude that the fixed width assumption is reasonable up to an incoming neutron energy of E n~1 0 MeV. Above ~4.0 the solid curves in Figs 1-3 are systematically low, suggesting that the neutron multiplicity distributions are noticeably wider for E n >10 MeV.
IV. RECOMMENDATIONS FOR MONTE-CARLO NEUTRON-TRANSPORT CODES
Recommended values for the root-mean-squared width of multiplicity distributions for various fission reactions are given in Table V . These widths were determined by minimizing the chi-squared defined in Eq. (3). These root-mean-squared widths are summarized in Fig. 5 .
For reactions not given in Table V , widths can be estimated using the line shown in Fig. 5 . Notice that the horizontal axis in Fig. 5 is the mass of the initial compound system, i.e.
A-1 Z(n,f) results are plotted at mass number A. For Fm isotopes heavier than A=254 [5] the widths are much larger and do not follow the trend shown in Fig. 5 . This is because, for A>254, the mass distributions become increasingly symmetric because of the N=82 magic number. Based on the good agreement between the experimental data and the model calculations shown in Figs 1-3, the width, , can be assumed to be independent of incoming neutron energy for E n <10 MeV. The mean neutron multiplicity, , and the shift parameter, b, must of course, be varied as a function of E n . The mean neutron multiplicities as a function of E n have been well defined by experiment [1] , and are already accurately placed into most neutron transport MonteCarlo codes. The shift parameter, b, is a function of , and . For the range of widths appropriate to real fission reactions, b is a simple function of ( + 0.5)/ as given in Table VI.   Table III. As for Table I, but for 239 Pu [6] . LA-UR-05-0288 U. The small symbols show the experimental results of ref [6] . The solid lines are a model calculations assuming that the neutron multiplicity distributions are Gaussian [8] with a fixed width, =1.088, independent of incoming neutron energy. LA-UR-05-0288 
